INTRODUCTION
Specialized methods of predation are known to occur among a diverse array of spiders. Several web-building species, for example, have tailored their web for capture of specific prey, such as the ladder webs of certain araneids designed for capturing moths (Stowe 1978 , Robinson 1982 . A large number of web-building groups contain species that have secondarily abandoned webbuilding, this generally being associated with specialization in foraging behavior. Among theridiids, for example, it has occurred in Euryopis funebris, which remains sedentary in a highly localized microhabitat containing predictably abundant prey that can readily be detected by direct contact (Carico 1978) . Additional examples can be found among the moth attracting araneids, some of which make a "bolas" line tipped with viscid glue and used for capturing prey (Stowe 1986) . Others (e.g. the genus Kaira) spin no web at all, instead hanging upside down from a leaf, legs outstretched, waiting for insects to pass: Moths are captured in the outstretched legs of the spider, and then immobilized and wrapped. Among tetragnathids, abandonment of web-building is associated with the development of long spines on the legs (Gillespie 1991 (Gillespie , 1992 . Similar modifications are found in the araneid genera Arcys, Archemorus and Neoarchemorus (D. Clyne, pers. comm.) .
One of the most remarkable morphological specializations found in spiders is an immense and unequal elongation of the tarsal claws (Forster et al. 1987) . This type of morphological modification was initially described in Doryonychus raptor Simon Manuscript received 24 May 1991 Psyche [Vol. 98 (Araneae, Tetragnathidae). D. raptor was placed in the monospecific genus Doryonychus by Simon (1900) on the basis of the unique leg structure: The tarsal segments of the first two pairs of legs have a robust onychium (pretarsal process) and are lined with stout macrotricheae. The tips of the tarsi of the same legs are armed with strongly dissimilar claws, the prolateral claws being extremely long. Similar modifications have since been documented in widely disparate families of spiders: the Gradungulidae (Forster et al. 1987) , the genus Hetrogriffus in the family Thomisidae (Platnick 1976) and, to a lesser extent the genus Celaenia in the Araneidae (Forster and Gray 1979) . Little is known regarding the function of the long claws and associated features of the tarsal segments in these spiders although it appears often, but not always, to be associated with abandonment of web-building (Forster et al. 1987 , Stowe 1986 .
The present study examined the remarkable claw elongation in the Hawaiian tetragnathid D. raptor and whether it was associated with ecological, and/or behavioral modifications. The family Tetragnathidae as a whole is well-known worldwide for its ecological and behavioral homogeneity, with members building complete orb webs, usually over or near water (Wiehle 1963 , Yoshida 1987 Gillespie 1987 , Levi 1981 (February) . Surveys were conducted prior to dusk and after nightfall using a headlamp. In order to assess their abundance at a site, I conducted timed samples (collecting and counting all spiders observed over a 1-hour period) in addition to general collecting. This allowed determination of seasonality and comparison between sites.
Ecological affinities" Where the spiders were found, their activity and the substrate from which they were collected were noted.
Foraging Behavior" Observations were made in the field during periods of both rest and activity of the spiders. Focal animals were selected (n 16) and observed for a 10-minute period prior to being collected and taken back to the laboratory for further observations. Laboratory experiments were conducted by maintaining 10 spiders individually in glass cages (22 22 26 cm) and feeding them drosophilids of different sizes. Twenty flies of one species were added to each cage, and the spiders observed for a 2-hour period over the subsequent three nights. Flies were then removed over the next three days, before repeating the study with a different fly species. The flies used were D. simulans (1.8-2.2 mm), D. grimashawi (4.5-5.5 mm) and D. oahuensis (6.5-7.4 
mm).
Motility on silk" I tested the ability of D. raptor to move around on silk threads by maintaining individuals in a cage for 7 days.
Each day., the spider was gently touched, and observed as to whether it moved along prelaid silk threads.
Morphology: The structure of the legs was investigated by examining 3 males, 3 females and 3 first instar immatures, using a dissecting microscope and camera lucida attachment. Scanning electron microscopy was also conducted on the tarsal segments of both legs, in addition to the spinnerets, of a single individual female. The live spider was boiled in water for 40 secs in order to Psyche [Vol. 98 cause the spinneret spigots to evert. The spinnerets were then cut from the body, as were the 2 right front legs. These structures were then placed in plastic capsules with the central portion removed and nylon mesh placed inside the capsule (to allow exchange alcohol and CO 2, while retaining the specimen). Filled capsules were put through an alcohol series (70%, 85%, 95% and pure ethanol), then dried with an Autosamori-810 Critical Point Dryer. The structures were then removed from the capsules, mounted on stubs and sputtered with gold. Specimens were viewed using a Hitachi S-800 scanning electron microscope.
Development: In order to determine at what stage during development the spiders underwent extension of the tarsal claw, spiderlings had to be observed at very early instars. Mature females were maintained in the laboratory, and allowed to lay egg sacs. The egg sacs were subsequently allowed to hatch, and the spiderlings subjected to morphological and behavioral examination immediately after they had hatched. Ecological affinities" All observations were conducted in the Waiahuakua Valley site. Spiders here are strictly nocturnal, with daylight hours spent flat against the leaves. As a likely corollary to this behavior, the spiders are uniformly lime green over the entire body except for the venter, which is pearly white.
Foraging Behavior: During resting periods, the spider lies flat against a vertical substrate, the anterior end pointing down. Legs I, II and IV are held in a fairly typical tetragnathid posture, legs I and II stretched forward and IV backward. Unlike other tetragnathids, however, the metatarsus and tarsus of leg I diverge strongly, with the tarsal claws being well separated (Fig. 1 a) . Also, the orientation of the third pair of legs, which are directed forward in a wide arc, is characteristic of this species. Psyche [Vol. 98 All spiders were found to be actively hunting during nocturnal field observations. Monitoring over 10-minute periods indicated that spiders spent most of the time (87%) hanging upside down from silk threads using the third and fourth pairs of legs, with legs I and II held out free in front of the cephalothorax. The remainder of the time (13%) was spent running actively around the vegetation.
The prey captures observed during cursorial foraging (n 3) were all of cursorial insects, two homoptera and one orthopteran. Captures observed while the spider was hanging were all of small dipterans (sex unknown), either flying (n 2) or hitting the substrate from which a spider was suspended (n 4). The insects were captured using very rapid movements of one or more of the first two pairs of legs, but the precise mechanism of capture could not be determined in the field.
In the laboratory experiments using drosophilids of different sizes, feeding responses were observed for only 6 of the 10 spiders. Three spiders caught prey of all sizes, the other three of only two sizes. The results indicated that in all cases insects were captured using only the enlarged prolateral claws. In the case of small flies (D. simulans, n 4) only one long claw was used to both impale the insect and draw it up to the chelicerae, this occurring in a single, very rapid movement. Three of these insects were captured in the air during flight. In the case of larger flies (D. grimashawi, n 5, and D. oahuensis, n 5), the spider used both long claws on legs I (D. grimashawi, n 4, and D. oahuensis, n 2), or else all 4 long claws on both legs I and II (D. grimashawi, n 1, and D. oahuensis, n 4). The movement in all cases was similar, the spider rapidly impaling the insect and drawing it up to the chelicerae in a single motion. Upon securing the prey with the fangs and chelicerae, the claws were immediately withdrawn. Insects were held and consumed in this manner without any wrapping. At intervals during feeding, the insect was moved around within the chelicerae, the manipulation being conducted by one of the long claws on either of the first pair of legs. Once the spider had finished feeding, prey were removed from the chelicerae using one tarsal claw of either of the first pair of legs. (Fig. b, c, Plate a, d ). In males, the prolateral claw on leg I is 0.4-0.5 mm in length, 38-60% the length of the tarsus. In females, the same claw is 0.5-0.7 mm in length, 45-55% the length of the tarsus. All the claws are straighter than normal tetragnathid claws (Plate 1 f). The long prolateral claw is separated from a long onychium by a wide articulation (Fig. b, c) . The prolateral claw itself has a broad base, bending sharply over immediately above the base into a long, smooth projection (Plate 1 d). Held within the sharp bend of the claw are 12-20 small serrations, approximately 10% the claw width; as the claw straightens, there are 5-6 similar but enlarged serrations, approximately 50% the claw width. These serrations are set at an angle to the claw, giving a "corded" appearance.
Directly below the claw is the greatly enlarged onychium ( Psyche [Vol. 98 medial onychial macrotrichea is considerably stronger than all the others, and bends up and back into the area defined by the serrated bend of the enlarged claw (Plate d).
The most remarkable feature of the posterior lateral spinnerets is the complete absence of the aggregate glands, those normally associated with the production of sticky silk used in web-building (Plate e).
Development A total of 32 spiderlings were hatched from egg sacs. Spiderlings possess the greatly elongated prolateral claws on the first two pairs of legs even at the first instar. In addition, they do not build webs, and adopt a resting, posture similar to that of the adult, with legs I and II stretched forward and IV backward, and the third pair of legs directed forward in a wide arc.
DISCUSSION
This study reveals a unique foraging strategy hitherto undocumented in spiders. D. raptor has deviated radically from the characteristic behavior of the genus. It has completely .abandoned web-building to become a cursorial, raptorial predator, the function of prey capture being virtually confined to the prolateral claws on the first two pairs of legs. It captures its prey by impaling them with one or more of these claws, depending on the size of the prey. Insects may be caught from the air while in flight, or else while walking on the substrate. The prolateral claws of the first two pairs of legs are highly modified for conducting predatory activity. They are very long, straight and articulated, the tarsus being provided with a double row of distally pointing robust macrotricheae. This behavior of capturing prey by impalement is apparent even during the earliest developmental stages. In addition, the complete absence of aggregate glands from the posterior spinnerets indicates a physiological inability to spin the characteristic tetragnathid orb. web.
Although this is the first documentation of prey impalement by spiders, the use of the tarsal region in prey capture is well known. A number of hunting spiders, for example, can use the adhesive scopular brush of hairs on the lower surface of the tarsus to facilitate grasping in the initial capture of prey (Rovner 1978) . Subsequently, the prey is brought up into contact with the cheliceral fangs using the front legs (Melchers 1967 , Rovner 1980 . The remarkable set of morphological modifications characteristic of D. raptor--extreme and unequal elongation of the tarsal claws and the development of strong macrotricheae on the first 2 pairs of legs--has been documented in a number of groups, apparently having arisen independently in four quite unrelated lineages of spiders including D. raptor (Forster et al. 1987) . Forward rotation of the third pair of legs may also be associated with this set of attributes, as, in addition to D. raptor, it is clearly evident in the gradungulid Spelungula cavernicola (Forster et al. 1987 , Fig. 222 ).
Previous studies have been unable to ascertain the function of this set of modifications. The only species with claw elongation in which foraging behavior has been documented are the araneid Celaenia kinbergi (Stowe 1986 , McKeown 1952 and the apparently primitive gradungulid Progradungula carraiensis (Forster et al. 1987) . C. kinbergi appears to capture moths in its outstretched legs, with the function of the long claws unknown (Stowe 1986) . P. carraiensis is confined to caves in Australia, where it builds a rather reduced web with a small catching platform from which it hangs in wait for its prey. The second, third and fourth legs support the spider on the web, while the first legs are held out in front of the body, the tarsal claws just touching the cave floor. The spider appears to feed primarily on rather large (6-10 ram) cursorial moths from the cave floor, using its raptorial legs in addition to its web when capturing moths. Based on these observations, Forster et al. (1987) speculated that claw elongation and modification of the tarsi of the first two pairs of legs has evolved as an adjunct to a specialized form of web-based prey capture. These observations could not, however, explain the tremendous elongation of a single claw on the first two pairs of legs. Also, the middle claw of the first two pairs of legs in P. carraiensis (Forster and Gray 1979, fig.  9 ), as in D. raptor (Plate c), is vestigial and could not be used to hold the threads of a web, a conclusion corroborated by the tendency of D. raptor to become entangled in silk threads. It seems likely, therefore, that claw elongation evolved after the spider had abandoned web-building, or at least after the first two pairs of legs were released from their role in web activity. The present study is the first to clearly demonstrate how these long, spear-like claws can function as powerful weapons for impaling prey.
Psyche [Vol. 98 It is remarkable that claw elongation appears to be confined to the prolateral claw on the first two pairs of legs in all four groups in which it occurs. The claw morphology of the third and fourth pairs of legs remains unchanged. Forward rotation of the third leg, however, as mentioned, appears to be associated with this suite of characters, and may allow the third pair of legs to serve as a brace while the spider captures prey with the first two pairs of legs. The precise nature of the morphological convergence in such disparate taxa suggests selection for a similar and highly specialized foraging mode. The evidence I have presented here implies that the primary function of the long claws is for impalement of prey. The presence of both a web and long claws in the cave-dwelling P. carraiensis may allow the spider to use alternative foraging strategies, and thereby maximize prey exploitation, in an environment where prey are likely to be scarce. The claws in P. carraiensis may be used primarily for impaling smaller, more agile prey, while the web is retained in order to allow the spider to secure larger prey.
The extremely specialized mode of foraging may underlie the very localized distribution of D. raptor. The species is almost entirely confined to lowland forests directly below high waterfalls emanating from Mt. Waialeale, and occurs only on a single Hawaiian island, Kauai. Lowland forests throughout the Hawaiian islands are highly susceptible to alien intrusion and anthropogenic disturbance; as a consequence, D. raptor is extremely vulnerable to extinction. The species therefore warrants listing as federally endangered in order to allow it some degree of protection.
SUMMARY
The genus Doryonychus (Araneae, Tetragnathidae) is endemic to small pockets of lowland forest on the Hawaiian island of Kauai. It is represented by a single species, D. raptor, which is characterized by a remarkable elongation of only the prolateral tarsal claws on the first two pairs of legs, and the development of a robust onychium lined with stout macrotricheae. I examined the foraging mode associated with this morphology. D. raptor has completely abandoned the web-building behavior characteristic of the genus, this being coupled with the loss of aggregate glands from the posterior spinnerets. Prey are captured, either in flight or from the substrate, by impalement with the claws, which occurs through a very rapid movement of one or more of the first two pairs of legs. The number of tarsal claws used to impale the prey varies according to the size of the prey, a single claw being used for very small diptera (the most common prey item), all four claws being used for larger insects.
